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Description 

[0001 ] This invention relates to a bone assessment 
apparatus, and more particularly to an apparatus which 
provides new information al30ut bone quality useful in s 
diagnosing bone disorders. 

[0002] Due to the rapid increase in the number of 
elderly people in the population, bone disorders such as 
osteoporosis and osteomalacia are becoming more 
common, and a great need has emerged for better diag- io 
nosis and prophylaxis. 

[0003] Bones are composed of minerals such as 

calcium, and a bone matrix. 

[0004] Osteoporosis generally refers to a disorder 
wherein the proportion of bone matrix to minerals is nor- is 
mal, but the amount of bone decreases. Osteomalacia 
generally refers to a disorder wherein only the mineral 
content decreases due to osteopetrosis. The bone com- 
position therefore varies depending on the type of disor- 
der. 20 
[0005] In any case, the bone tends to fracture when 
it becomes weaker, and this tendency is particularly evi- 
dent in elderly people. 

[0006] Conventionally, an apparatus for diagnosing 
bone mineral content has been used to diagnose bone 2s 
disorders. This apparatus irradiates a subject with X- 
rays from the outside of the body and analyzes the 
bone mineral content (of minerals such as calcium) from 
the X-ray attenuation factor. Osteoporosis is then diag- 
nosed from the magnitude of the mineral content so 
thereby determined. In a conventional apparatus, the 
bone mineral content is computed per unit area (g/cm^). 
[0007] Bone strength, however, does not depend 
only on bone mineral content. Bone mineral content is 
certainly the major factor which determines bone ss 
strength, but this strength is also influenced by other 
factors such as bone rigidity, elasticity and structure. 
[0008] In other words, the bone strength may be low 
even if the bone mineral content is high so that fractures 
can easily occur. Conversely, the bone strength may be 40 
high even if the bone mineral content is low so that frac- 
tures do not occur easily. 

[0009] Therefore, in order to assess the risk of a 
fracture, it is often insufficient to make the assessment 
solely on the basis of the bone mineral content, and it is 45 
then necessary to know something about "bone 
strength". 

[0010] Medical physics, vol. 7, no. 4, 1980, pp. 324 
to 330, discloses measurement experiments of the 
velocity of ultrasound in bones. As can be gathered from so 
the Conclusions in chapter V, according to these meas- 
urements it was found that the modulus of elasticity and, 
thus, the velocity of ultrasound in diseased bone is 
reduced in contrast to normal bone. 
[0011] In addition, EP-A-0 480 554, discloses an ss 
ultrasonic densitometer device and method for measur- 
ing the ultrasonic velocity of bones. 
[0012] Moreover, US-A-A 774 959, discloses an 



ultrasonic frequency attenuation bone measurement 
system. 

[0013] EP-A-0 299 906 discloses a method for the 
measurement of bone quality in-vivo by an estimate of 
the modulus of elasticity of a bone comprising elaborate 
ultrasonic measurements. These measurements rely on 
the determination of the propagation speed of sound in 
bone and the determination of the bone mineral content 
using a bone densitometer or another suitable means. 
Further simplification and improvement of accuracy of 
the generic method is desired. 
[0014] It is an object of the present invention to 
overcome the aforesaid problems in conventional tech- 
nology and to provide a bone assessment apparatus 
which analyzes new criteria related to bone indicative of 
bone strength. 

[001 5] Moreover, it is an object of the present inven- 
tion to provide a bone assessment apparatus in which 
"a bone assessment" based on ultrasonic wave meas- 
urements and X-ray measurements are performed. 
[0016] According to the present invention, the 
above objects are achieved by a bone assessment 
apparatus comprising means for measuring the propa- 
gation speed of sound in bone by passing ultrasonic 
waves through a test part of a subject's bone, means for 
measuring bone volume density by passing X-rays 
through said test part of a subject's bone, and means for 
computing an assessment index for the bone based on 
said sound propagation speed and said bone volume 
density wherein said assessment index corresponds to 
the modulus of elasticity of the bone, which apparatus is 
further developed by the characterizing part of claim 1 . 
[0017] According to this construction, the propaga- 
tion speed of ultrasonic waves in the bone is measured 
by transmitted and received signals, and the bone vol- 
ume density is measured by X-ray irradiation. The bone 
assessment index is then computed from these two 
measured values. 

[0018] This bone assessment index is defined as 
the result of multiplying the aforesaid square of the 
propagation speed of sound in bone by the bone vol- 
ume density The index also corresponds to a bone 
elasticity coefficient. 

[0019] The means of measuring the propagation 
speed of sound in bone comprises a pair of ultrasonic 
transducers for transmitting and receiving ultrasonic 
waves through the test part of the bone. Preferably a 
thickness computer for computing the thickness of bone 
in the direction of the X-ray beam based on the signal 
received from the aforesaid ultrasonic transducer, and a 
propagation speed computer for computing the propa- 
gation speed of sound in the bone by dividing the ultra- 
sonic signal propagation time in the bone by the 
thickness is provided. 

[0020] The means for measuring the bone volume 
density comprises an X-ray generator for irradiating the 
test part of the bone with X-rays, an X-ray detector for 
detecting X-rays which have passed through the afore- 
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said test part. Preferably a density computer for comput- 
ing the bone volume density based on the X-ray 
detection signal from the X-ray detector and the bone 
volume thickness value from the thickness computer is 
provided. 5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

10 

Fig. 1 is a block diagram showing the measuring 
principle of this invention. 

Fig. 2 is a perspective view showing the external 
appearance of the bone assessment apparatus 
according to this invention. is 
Fig. 3 is a perspective view of a measuring unit 44. 
Fig. 4 is a block diagram showing the construction 
of a scanner unit 30. 

Fig. 5 is a block diagram showing the construction 
of a control unit 32. 20 
Fig. 6 is a waveform diagram showing the signals 
involved in ultrasonic wave measurement. 
Fig. 7 is a diagram showing the method used for 
measuring bone thickness. 

Fig. 8 is a waveform diagram showing the signals 2s 
involved in ultrasonic wave measurement. 
Fig. 9 is a drawing showing an area irradiated by X- 
rays and ultrasonic waves. 
Fig. 10 is a drawing showing a typical bone assess- 
ment index display. so 
Fig. 11 is a drawing showing a graph representing 
the relationship between age and a bone assess- 
ment index E. 

Fig. 12 is a drawing showing another typical display 
of the bone assessment index E. 35 
Fig. 13 is a drawing showing another method of 
measuring the bone thickness. 
Fig. 14 is a drawing showing the measurement of 
the propagation speed of sound in water. 
Fig. 15 is a drawing showing hollow bodies (i.e. 40 
immersible bodies) 120, 122 disposed in a water 
tank 46. 

Fig. 16 is a drawing of the water tank 46 shown in 
Fig. 15 as seen from above. 

Fig. 17 is a drawing of the hollow bodies 120, 122 45 
as seen from the side. 

Fig. 18 is a drawing of the hollow bodies 120, 122 
as seen from the front. 

Fig. 19 is a drawing showing the path traversed by 
the X-rays. so 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0022] The preferred emtxxJiments of the invention 55 
will now be described with reference to the drawings. 



(A) Explanation of Principle 

[0023] The propagation speed V of ultrasonic 
waves in an anisotropic medium such as bone may be 
expressed by a function of the bone volume density p 
and the elasticity E. This can be represented in the form 
of a general equation: 

V = k . (E/p)''2 (1) 

where k is a constant. The bone volume density p 
(g/cm^) corresponds to the bone mineral density BMD 
(g/cm^) as measured by X-rays using a conventional 
bone mineral content assessment apparatus divided by 
the bone thickness d (cm). The propagation speed V of 
ultrasonic waves is measured from the transmitted and 
received signals: 

[0024] The modulus of elasticity (Young's Modulus) 
E is given by the following relation: 

E = k' - • p (2) 

where p = BMD/d . k* = k'^ 

[0025] In the case of bone, the modulus of elasticity 
E may be considered to represent the strength of the 
bone such as tensile strength and rigidity, etc. In other 
words, the value of E may be considered as a physical 
property expressing the risk of bone fracture. 
[0026] According to this invention, this value E is 
defined as an "assessment index" of the bone. 
[0027] Various formulae for calculating the modulus 
of elasticity of bone are known. Other definitions may be 
used as indicators of bone strength, but as far as con- 
cerns this invention, assessment indices will be defined 
on the basis of the modulus of elasticity. 

(B) Basic Structure of Bone Assessment Apparatus 

[0028] In Fig. 1, a (living) subject 10 generally con- 
sists of bone 12 and soft tissue 14. An X-ray generator 
16 for generating X-rays, and an X-ray detector 18 for 
detecting X-rays which have passed through the subject 
10, are disposed in the vicinity of the subject 10. 
[0029] Transmitter transducer 20 and receiver 
transducer 22 are disposed near the X-ray generator 16 
and X-ray detector 18 in the vicinity of the subject 10. 
When measuring the bone thickness d, the transducers 
20 and 22 are used for both transmitting and receiving. 
[0030] The bone volume density measuring unit 24 
supplies a driving signal to the X-ray generator 16 and 
receives a detection signal from the X-ray detector 1 8 in 
order to measure the bone volume density p of the bone 
12. This bone volume density p is sent to a computing 
unit 26 for computing the bone assessment index E. 
[0031 ] A propagation speed measuring unit 28 sup- 
plies an exciting signal to the transducer 20 and 
receives a signal from the transducer 22 in order to 
compute the propagation speed V of ultrasonic waves in 
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the bone 12. This propagation speed V is sent to the 
bone assessment index computing unit 26. 
[0032] The bone assessment index computing unit 
26 executes the above Equation 2, and computes the 
assessment index E based on the bone volume density 
p and propagation speed V. This E is then output, and 
for example displayed on a display or the lil<e. The risk 
of fracture of the bone can then be assessed based on 
the magnitude of this assessment index E, or a diagno- 
sis of osteoporosis or another disorder can be made. 
[0033] The structure of bone however broadly com- 
prises cancellous bone and cortical bone. It is said that 
the metabolic rate of cancellous bone is about 8 times 
higher than that of cortical bone. For this reason, osteo- 
penia or decrease of bone strength is likely to occur first 
in cancellous bone. 

[0034] Tests are therefore usually performed on 
cancellous bone. For example, the calcaneus or the 
lumbar spine can be measured, and the accuracy of 
diagnosis is thereby improved. 

[0035] In the bone assessment apparatus of this 
embodiment described hereinafter, the calcaneus is 
used for measurements. 

(C) Detailed Structure of Bone Assessment Apparatus 

[0036] According to this invention, a water tank con- 
taining a matching material is preferably used in order to 
improve the propagation of the ultrasonic signals. 
[0037] According to a preferred embodiment an 
immersible body is filled with a material having a lower 
X-ray attenuation coefficient than water, or contains a 
vacuum, and is disposed in the path of the X-rays. By 
using this immersible body, the attenuation of X-rays is 
reduced. 

[0038] The cylindrical side wall enclosing the 
immersible body is constructed of a shielding material 
having a high X-ray attenuation coefficient. The immers- 
ible body therefore has a collimating effect. Further, as 
the immersible body sinks in water, the amount of water 
used can be accordingly reduced. 
[0039] The external appearance of a bone assess- 
ment apparatus according to this embodiment is shown 
in Fig. 2. This bone assessment apparatus comprises a 
scanner unit 30, and a control unit 32. 
[0040] As shown in the figure, the control unit 32 
consists of a computer or the like, and is connected to 
the scanner unit 30 by means of a cable 34. In the scan- 
ner unit 30, a plurality of casters are provided on the 
underside of a trolley 36, a chair 38 and a measuring 
unit 44 being mounted on the trolley 36. This measuring 
unit 44 comprises a water tank 46, and a foot rest 48 is 
provided in the tank 46. To perform a measurement, a 
subject 40 sits in the chair 38 and places one of his feet 
42a on the fool rest 48 in the tank 46. X-ray measure- 
ments and ultrasonic measurements can then be made. 
[0041 ] The outer wall of the tank 46 consists of a 
material which has a low X-ray attenuation, for example 



acrylic sheet. 

[0042] The reason why the foot 42a is placed in the 
water tank 46 is because water has the same X-ray 
attenuation and acoustic propagation speed as the soft 
5 tissue of a living body. If this construction is adopted, 
therefore, bone can be measured irrespective of the 
shape of the soft tissue. 

[0043] As shown in the drawing, in the measuring 
unit 44, two ultrasonic transducers 50a, 50b supported 
10 by arms 52a, 52b are disposed on either side of the foot 
42a. In Fig. 2, the X-ray generator and X-ray detector 
are not shown. 

(D) Construction of Measuring Unit 

15 

[0044] Fig. 3 is a perspective view showing the 
main parts of the measuring unit 44. In the figure, the 
water tank 46 is shown by a dashed line. 
[0045] The arm 52a and an X-ray generator 56 are 

20 installed at one end of a platform 54. A collimator or fil- 
ter, neither of which are shown, are disposed at the radi- 
ation aperture of the X-ray generator 56. 
[0046] The arm 52b and an X-ray detector 58 con- 
sisting of a semiconductor detector or the like, are dis- 

25 posed at the other end of the platform 54. X-rays are 
generated from outside the tank 46, and after passing 
through the foot inside the tank, are measured outside 
the tank. 

[0047] The platform 54 is supported by a displacing 
30 mechanism 60. This displacing mechanism 60 com- 
prises a Z direction lifting unit for raising and lowering 
the platform 54 in the Z direction, and an X direction dis- 
placement unit for moving the platform 54 in the X direc- 
tion. These units comprise motors 62, 64 and feed 
35 screws 66, 68. The platform 54 can be freely moved in 
the X and Z directions by rotating the screws 66. 68 by 
means of the motors 62, 64. 

[0048] As shown in Fig. 3, X-rays 100 are colli- 
mated to a narrow beam which are allowed to irradiate 
40 the subject, and ultrasonic waves 102 are transmitted 
and received on a line connecting the ultrasonic trans- 
ducers 50a, 50b. The X-ray beam and ultrasonic beam 
are adjacent to one another. 

45 (E) Structure of Scanner Unit 

[0049] Fig. 4 shows a block diagram of the structure 

of the scanner unit 30 shown in Fig. 2. 

[0050] An X-ray scanning controller 70 controls the 

50 generation and detection of X-rays. A driving signal 1 04 
output by the X-ray scanning controller 70 is sent to the 
X-ray generator 56 via an X-ray controller 72. The X-ray 
controller 72 determines a driving voltage of the X-ray 
generator 56. 

55 [0051] An X-ray detection signal 106, output by the 
X-ray detector 58 which detects X-rays, is amplified by 
an amplifier 74, and input to a counter 76. This counter 
76 computes the intensity of the X-rays by counting 
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pulses, and a signal 108 showing a count rate C is sent 
from the counter 76 to the X-ray scanning controller 70. 
The signal 108 indicating this count rate C is also sent 
to the control unit 32. 

[0052] An ultrasonic scanning controller 78 controls 
transmitted and received ultrasonic signals. It controls a 
first transmit/receive unit 80 and a second trans- 
mit/receive unit 82, these transmit/receive units 80, 82 
each comprising a transmitter and a receiver. The first 
transmit/receive unit 80 transmits an exciting signal to 
the ultrasonic transducer 50a, and receives a signal 
from the ultrasonic transducer 50a. The second trans- 
mit/receive unit 82, similarly to the first transmit/receive 
unit 80, supplies an exciting signal to and receives a sig- 
nal from the ultrasonic transducer 50b. 
[0053] Received signals 109 output from the trans- 
mit/receive units 80, 82 are converted to digital values 
by an A/D converter 84, and are sent to the ultrasonic 
scanning controller 78. 

[0054] Times t1, t2, t3 described hereinafter are 
then measured by this ultrasonic scanning controller 78, 
and these time data are output to the control unit 32. 
[0055] A scanning controller 86, which controls the 
up/down and forward/backward motion of the platform 
54, outputs driving signals to the motors 62 and 64. 
These scanning controllers 70, 78, 86 are all controlled 
by the control unit 32. 

(F) Structure of Control Unit 

[0056] In Fig. 5, the detailed structure of the control 
unit 32 illustrated in Fig. 2 is shown by a block diagram. 
The count rate C indicating the intensity of the X-rays is 
input to a BMD computer 88 for computing bone mineral 
density (g/cm^). The result B of this computation is sent 
to a bone volume density computer 90 and a main con- 
troller 92. The bone volume density computer 90 com- 
putes a mineral content per unit volume [g/crrP] by 
dividing the bone mineral content B by the bone thick- 
ness d, and the result p of this computation is output to 
an assessment index computer 94. 
[0057] A thickness computer 96 computes a bone 
thickness d based on t1 , t2. t3 as described hereinafter. 
The result d of this computation is output respectively to 
the aforesaid bone volume density computer 90, an 
acoustic speed computer 98, and the main controller 
92. 

[0058] The acoustic speed computer 98 computes 
the propagation speed V of ultrasonic waves in bone 
based on t1 and d. The result V of this computation is 
output to the assessment index computer 94 and the 
main controller 92. 

[0059] The assessment index computer 94 per- 
forms the computation of Equation 2 described herein- 
above based on the aforesaid bone volume density p 
and acoustic speed V, and calculates an assessment 
index E. This assessment index E is output to a CRT 
110. 



[0060] According to this embodiment, a health 
index computer 112 is provided which computes a bone 
health index H based on the assessment index E which 
is output to the CRT 1 1 0. 
5 [0061] The main controller 92 controls the whole 
assessment apparatus, and also controls the X-ray 
scanning controller 70, ultrasonic scanning controller 78 
and scanning controller 86. A keyboard 114 is con- 
nected to the main controller 92. 

10 

(G) Operation of Bone Assessment Apparatus 

[0062] As shown in Fig. 2, when performing a bone 
assessment, the subject 40 is made to sit in the chair 
16 38, and one of his feet 42a is placed in the water tank 
46. The operator then commands a measurement to be 
performed from the keyboard 114 shown in Fig. 5. 
When this occurs, the main controller 92 of Fig. 5 com- 
mands the scanning controller 86 shown in Fig. 4 to set 
20 the assessment apparatus to an initial position. The 
scanning controller 86 controls the motors 62, 64 so as 
to move the irradiating positions of the X-rays and ultra- 
sonic waves to this initial position. After this position has 
been set, the main controller 92 shown in Fig. 5 com- 
25 mands the X-ray scanning controller 70 shown in Fig. 4 
to perform an X-ray measurement. 
[0063] The driving signal 1 04 is sent from the X-ray 
scanning controller 70 via the X-ray controller 72 to the 
X-ray generator 56, and the subject's foot is irradiated 
30 by X-rays. 

[0064] X-rays which have passed through the sub- 
ject's foot 42a are detected by the X-ray detector 58, the 
detection signal 106 is input to the counter 76 via the 
amplifier 74, and counting is performed. A signal C 108 
35 which indicates a count value is then sent to the BMD 
computer 88 shown in Fig. 5 via the X-ray scanning con- 
troller 70, the bone mineral density B is computed 
(g/cm^), and this bone mineral density B is sent to the 
bone volume density computer 90. 
40 [0065] After this X-ray measurement has been per- 
formed, an ultrasonic wave measurement is carried out. 
[0066] A command is first given by the main control- 
ler 92 to the ultrasonic scanning controller 78 of Fig. 4, 
and the ultrasonic scanning controller 78 outputs a 
45 pulse indicating a transmit command to the first trans- 
mit/receive unit 80 (Fig. 6(A)). At the same time, the 
ultrasonic scanning controller 78 starts an internal 
counter (Fig. 6(B)). An exciting signal is then sent from 
the first transmit/receive unit 80 to the ultrasonic trans- 
50 ducer 50a so as to transmit ultrasonic waves to the foot 
42a, and the ultrasonic waves which have passed 
through the foot are received by the ultrasonic trans- 
ducer 50b. The received signal obtained, which is 
shown in Fig. 6(C), is then sent to the ultrasonic scan- 
55 ning controller 78 via the second transmit/receive unit 
82 and the A/D converter 84. 

[0067] The ultrasonic scanning controller 78 reads 
the count value until the received pulse shown in Fig. 
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6(C) is obtained, and the time t1 represented by this 
count value is output to the control unit 32. 
[0068] Next, a thickness measurement is performed 
on the bone (calcaneus). 

[0069] Before describing how the assessment 5 
apparatus measures thickness, the principle of measur- 
ing bone thickness will first be described. 
[0070] According to this embodiment, as shown in 
Fig. 7, ultrasonic waves are transmitted from one side of 
the calcaneus 200 by the ultrasonic transducer 50a, and io 
ultrasonic waves reflected by the surface of the cal- 
caneus are measured by this ultrasonic transducer 50a. 
Ultrasonic waves are also transmitted and received by 
the ultrasonic transducer 50b on the other side of the 
calcaneus 200. is 
[0071] As water has practically the same acoustic 
propagation characteristics as soft tissue, the thickness 
d of the calcaneus 200 is easily computed from the 
transmit/receive time At on one side of the calcaneus 
and the transmit/receive time At on the other side of the 20 
calcaneus. The propagation speed of sound in water 
is known, so the thickness d can be computed from the 
following Equations: 

d = L-(t2 + t3) • (VJ2) (3) 25 

where L = inter-transducer distance. 
[0072] In order to implement the above principle, 
the main controller 92 issues a command to measure 
the thickness. The ultrasonic scanner unit 78 first out- 30 
puts a pulse to the first transmit/receive unit 80, as 
shown in Fig. 8(A), and this starts an internal counter as 
shown in Fig. 8(B). An exciting signal is then output by 
the first transmit/receive unit 80 to the ultrasonic trans- 
ducer 50a. and after transmitting this ultrasonic signal. 35 
the reflected acoustic signal is received by the trans- 
ducer 50a. The received acoustic signal shown in Fig. 
8(C) is sent to the ultrasonic scanner unit 78 via the A/D 
converter 84. The scanner unit 78 detects the pulse in 
the received acoustic signal, and a transmit/receive time 40 
t2 is found from the pulse count starting from the time 
when courrting is begun to when the pulse is received. 
This time t2 is sent to the control unit 32. 
[0073] The measurement of t3 is the same as 
described hereinbefore, i.e. the second transmit/receive 45 
unit 82 is activated, a measurement is taken, and t3 is 
sent to the control unit 32. 

[0074] Times t2, t3 which are obtained as described 
hereinbefore are sent to the thickness computer 96 of 
Fig. 5, Equation 3 is executed, the bone thickness d is so 
found, and this thickness d is sent to the bone volume 
density computer 90 and the acoustic speed computer 
98. The bone volume density computer 90 then exe- 
cutes the following Equation 4: 

55 

p = B/d(g/cm^) (4) 
[0075] The acoustic speed computer 98 to which t1 



is input computes the acoustic speed V according to the 
following Equation (5): 

V = d/{t1-(t2+t3)/2} (5) 

[0076] Based on p and V obtained as described 
hereinabove, the assessment value computer 94 exe- 
cutes Equation 2, i.e. E = k • • p in order to find 
the assessment index E. 

[0077] After the aforesaid process has been per- 
formed for a given measurement site, the measurement 
point is shifted by the scanner unit 86 and the process is 

repeated. 

[0078] Fig. 9 shows areas irradiated by X-rays and 
ultrasonic waves. In the figure, 300 is an area irradiated 
by X-rays, and 302 is an area in which ultrasonic waves 
are transmitted and received. Both areas are of suffi- 
cient size to cover the calcaneus. 
[0079] In the case described herein the ultrasonic 
transducer and X-ray generator are installed a short dis- 
tance away from each other, so the areas 300 and 302 
are also slightly displaced with respect to one another. 
[0080] A and A' in Fig. 9 are the aforementioned ini- 
tial positions. A is the initial X-ray position, and A' is the 
initial ultrasonic wave position. As described hereinbe- 
fore, after the subject has been irradiated in the initial 
position, the irradiation position is shifted a little to the 
left or downwards in the figure, then the irradiation and 
scanning are repeated. The entire process is repeated 
several times so that finally, data is obtained for the 
whole area shown in Fig. 9. After irradiating with X-rays, 
the ultrasonic transmit/receive point can be shifted to 
the point that was irradiated by X-rays so that the two 
areas 300 and 302 shown in Fig. 9 coincide. 
[0081] Fig. 10 shows an example of the display on 
the CRT 1 1 0. In the figure. 304 is a bone mineral density 
map showing the distribution of bone mineral density B, 
306 is a thickness map showing the thickness d of the 
bone (calcaneus), 308 is an ultrasonic wave map show- 
ing the propagation speed of ultrasonic waves in the 
bone, and 310 is an assessment index map showing 
assessment indices E calculated by the aforesaid com- 
putation. In the figure, 312 represents a cursor. 
[0082] 314 is an index indicating the health of the 
bone at the position specified by the cursor 312, and is 
calculated based on E as follows. 
[0083] Fig. 11 is a normal reference curve 322 
showing reference values of E at various ages. The 
health index 314 which is displayed shows how far a 
point specified by the subject's age and the actual 
measured assessment index E, is from the reference 
curve 322. 

[0084] More specifically, the actual measured 
assessment index is subtracted from the standard value 
for the age in question, and the difference is expressed 
as the health index 314. 

[0085] The data display 320 in Fig. 10 displays the 
bone mineral density, thickness, sound propagation 
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speed and assessment index in numeric form for the 
measured part of the bone specified by the cursor 312. 
[0086] By displaying this information on the CRT 
110, various useful data concerning the bone can be 
shown alongside when diagnosing bone disorders such 
as bone osteoporosis. 

[0087] In the aforesaid embodiment, the whole of 
the calcaneus was irradiated by X-rays and ultrasonic 
waves, but the following modification is also possible. As 
shown by the display in Fig. 12, X-ray irradiation is first 
performed so as to display only the bone mineral con- 
tent map 304. The operator then moves the cursor 312 
to specify an area where it is desired to calculate the 
assessment index E. This area alone is subjected to 
ultrasonic wave irradiation, the transmit/receive times 
t1 , t2, t3 are measured as described hereinbefore, and 
the thickness d of the calcaneus, ultrasonic wave prop- 
agation speed V in the calcaneus and assessment 
index E are computed based on this data as described 
in the foregoing embodiment to be displayed as point 
data 320. The health index 314 is displayed alongside. 
[0088] According to this modification, there is no 
need to irradiate the whole bone with ultrasonic waves, 
and the time required for the measurement is thereby 
considerably reduced. The device may of course be 
provided with a switch enabling the operator to select 
either the foregoing embodiment or this modification as 
desired. 

[0089] Fig. 13 shows a second embodiment for 
measuring thickness. According to this embodiment, an 
array transducer 326 is provided consisting of a plurality 
of ulrasonic transducers arranged in linear fashion. As 
shown in Fig. 13. a plurality of ultrasonic signals are 
transmitted in a direction perpendicular to the direction 
of the X-rays and ultrasonic beam. The thickness of the 
calcaneus 200 is then easily found from the signals 
received by the various transducers. 
[0090] In the aforesaid embodiment, the calculation 
was performed assuming the value normally given for 
the speed of ultrasonic signals in water. In order to 
increase precision, however, it is desirable to provide a 
further pair of ultrasonic transducers 328a, 328b for 
making measurements in water as shown in Fig. 14. 

(H) 2nd Embodiment of Measuring Unit 

[0091] However, in the aforesaid apparatus, as 
shown in Fig. 3, some space in the water tank 46 must 
be reserved for the transducers 50a, 50b, consequently 
the size of the water tank 46 is increased. Further, as 
the X-rays travel a long distance in the water, there was 
a problem in that the X-rays became weaker (decrease 
of count rate]. 

[0092] In order to prevent decreased measurement 
precision, it is possible to increase the power of the X- 
rays. This is however undesirable in order to prevent 
increase in size of the X-ray generator 56, to lengthen 
its useful life and to avoid exposure of the operator to X- 



rays as far as possible. 

[0093] It is also possible to install the X-ray genera- 
tor 56 in the water tank, but it would then be necessary 
to make it watertight which requires a complex con- 
5 struction. 

[0094] If widening of the X-ray beam generated by 
the X-ray generator is prevented, unnecessary expo- 
sure of other parts of the subject's body to X-rays can 
be reduced, and if interference by stray X-rays incident 

10 on the X-ray detector 58 can be prevented, the meas- 
urement precision can be increased. It is therefore 
desirable to colli mate the X-rays sufficiently. Moreover, if 
the amount of water in the tank 46 can be reduced, it is 
less trouble to change the water in the tank and manage 

15 it, and the time required to change the water can be 
shortened. 

[0095] In the embodiment described hereinafter, 
hollow immersible bodies (referred to hereafter as hol- 
low bodies) are used. 

20 [0096] Fig. 15 is a sectional view of the water tank 
46 seen from the front, and Fig. 16 is a sectional view of 
the water tank 46 seen from the above. 
[0097] As shown in Fig. 15, transducers 50a, 50b 
for transmitting and receiving ultrasonic waves are 

25 installed on either side of the subject's calcaneus (sec- 
tion) 10 in the water tank 46 containing water 47. These 
transducers are supported by arms 124 as shown in 
Fig. 15. 

[0098] As shown in Fig. 15 and Fig. 16, the X-ray 
30 generator 56 and X-ray detector 58 are installed outside 
the water tank 46. A collimator 57 is installed at the X- 
ray radiation aperture of the X-ray generator 56. This X- 
ray generator 56 and X-ray detector 58 are supported 
by the arms 1 24. 
35 [0099] The arms 1 24 are driven by a scanning actu- 
ator 126. According to this construction, the ultrasonic 
beam and X-ray beam can be moved to the part of the 
subject's body to be measured by ultrasonic waves and 
X-rays. 

40 [0100] As shown in Fig. 15 and Fig. 16, the arms 
124 support two cylindrical hollow bodies 120, 122 
which sink in the water, and which more specifically are 
disposed in the path of the X-ray beam. The X-ray gen- 
erator 56, the two hollow bodies 120, 122 and the X-ray 

45 detector 58 are arranged in a straight line. 

[01 01 ] Fig. 1 7 and Fig. 1 8 are enlarged views of the 
hollow bodies 120, 122. Fig. 1 7 is a lateral view, and Fig. 
18 is a front view. 

[0102] As shown in the figures, the bodies 120, 122 
50 have hollow cavities and are sealed. The cavities are 
filled with air, but they may for example be under vac- 
uum. By filling the cavities with a substance having a 
lower X-ray attenuation coefficient than the water 47, 
the X-ray attenuation coefficient can be reduced in com- 
55 parison to the conventional apparatus. 

[01 03] It is preferable that the front plate F and rear 
plate R of the hollow bodies 120, 122 are made of a 
substance which has as low an X-ray attenuation coeffi- 
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cient as possible, for example acrylic material or the 
like. The side wall circumference S is made of a sub- 
stance having an X-ray shielding effect and a high X-ray 
attenuation coefficient, for example metal. 
[0104] The hollow body 120 can therefore be used 
instead of the collimator 57, and the hollow body 122 
can be used to prevent stray X-rays from impinging on 
the X-ray detector 58. In such a case, the internal diam- 
eters of the hollow collimators 1 20, 1 22 are set to corre- 
spond to the width of the X-ray beam, for example 1 cm. 
The hollow bodies 120, 122 may however be chosen to 
have different internal diameters. 
[0105] Measurements using the apparatus having 
the aforesaid construction are made as follows. As 
shown in Fig. 1 9, X-rays emitted by the X-ray generator 
56 pass through the wall of the water tank 46, through 
the hollow body 120, through the subject 10, through 
the hollow body 122, and then again through the wall of 
the water tank 46 so as to reach the X-ray detector 58. 
[0106] In the conventional case, the X-rays passed 
through water over the distances 130 shown in Fig. 19. 
According to this embodiment, however, the X-rays 
pass through air over the distances 1 30, so X-ray atten- 
uation can be effectively prevented compared to the 
conventional case. Further, as each structural member 
is linked through the arms 124, the aforesaid situation 
can be maintained even if scanning is performed with 
the X-ray beam. 

[0107] Further, the hollow bodies 120, 122 can be 
given collimating functions, widening of the X-ray beam 
can be effectively suppressed, and interference by stray 
X-rays can be prevented. External leakage of X-rays 
can therefore be prevented, and a precise measure- 
ment can be obtained. IVIoreover, as the amount of 
water in the water tank 46 can be reduced by the vol- 
ume of the hollow bodies 120. 122, management of the 
water in the tank is rendered easier. 
[0108] The hollow bodies 120, 122 may have vari- 
ous shapes, and rectangular parallelepiped bodies 
could for example be used. 

Claims 

1 . A bone assessment apparatus comprising: 

means (20,22,28) for measuring the propaga- 
tion speed of sound in bone (V) by passing 
ultrasonic waves through a test part of a sub- 
ject's bone (12), 

means (16,18,24) for measuring the bone vol- 
ume density (p) by passing X-rays through said 
test part of a subject's bone (12) to obtain the 
bone mineral density (BMD) and by inputting 
measured values for the thickness of the bone 
(d), and 

means (26) for computing an assessment 
index for the bone which corresponds to the 
modulus of elasticity of the bone by calculating 



an elasticity equation by inputting measured 
values for said bone volume density (p) and 
said propagation speed of sound in bone (V) as 
parameters, 

5 Characterized in that 

said means (20,22,28) for measuring the prop- 
agation speed of sound in bone (V) comprises 
at least a pair of ultrasonic transducers (20, 22) 
each transducer being used for both transmit- 

10 ting and receiving ultrasonic waves, said 

means (16,18,24) for measuring the bone vol- 
ume density (p) comprises an X-ray generator 
(16) and an X-ray detector (18) for irradiating 
said test part of a subject's bone (12) with X- 

15 rays and detecting X-rays which have passed 

through said test part of a subject's bone (12), 
so that the bone mineral density (BMD) is 
obtained from the output of said X-ray detector 
(18), said X-ray generator (16) and said X-ray 

20 detector (18) being disposed near said pair of 

ultrasonic transducers, wherein said means 
(20,22,28) for measuring the propagation 
speed of sound in bone (V) also measures the 
thickness of the bone (d). 

25 

2. A bone assessment apparatus as defined in claim 

1, wherein said propagation speed measuring 
means (28) comprises: 

30 a thickness computer (96) for computing the 

thickness of the bone in the direction of the X- 
ray beam based on the signals received from 
said ultrasonic transducers, and 
a propagation speed computer (98) for comput- 

35 ing the propagation speed of ultrasonic waves 

by dividing the ultrasonic signal propagation 
time in the bone by said thickness, 
and wherein said bone volume density measur- 
ing means (24) comprises: 

40 a density computer (90) for computing the bone 

volume density based on an X-ray detection 
signal from said X-ray detector and said bone 
thickness. 

45 3. A bone assessment apparatus as defined in claim 

2, wherein said bone assessment index is com- 
puted based on the product of the square of said 
propagation speed of ultrasonic waves and said 
bone density. 

50 

4. A bone assessment apparatus as defined in claim 2 
comprising a water tank (46) for immersing said test 
part of a subject's bone (42a), and wherein said pair 
of ultrasonic transducers (16, 18; 56, 58; 20, 22; 

55 50a, 50b) is disposed in said water tank. 

5. A bone assessment apparatus as defined in claim 
4, wherein said X-ray generator (56) and said X-ray 
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detector (58) are disposed outside said water tank 
(42a). 

6. A bone assessment apparatus as defined in claim 

5, wliicli comprises means for causing said pair of s 
ultrasonic transducers (16, 18; 56, 58; 20, 22; 50a, 
50b), said X-ray generator (56) and said X-ray 
detector (58) to scan. 

7. A bone assessment apparatus as defined in claim 

6, wherein said bone assessment apparatus com- 
prises a display (110) for displaying said bone 
assessment index. 

8. A bone assessment apparatus as defined in claim 

7, wherein the apparatus is arranged such that a 
measurement can be made on the subject's cal- 
caneus (200). 

9. A bone assessment apparatus as defined in claim 
2, wherein said bone thickness is measured by 
transmitting ultrasonic waves through the bone, and 
by receiving the acoustic signals reflected from the 
bone surfaces. 

10. A bone assessment apparatus as defined in claim 
2, wherein said bone thickness is measured by 
transmitting ultrasonic waves from a direction per- 
pendicular to the direction of the X-ray beam, and 
receiving the reflected acoustic signals. 

11 . A bone assessment apparatus for computing bone 
assessment indices using ultrasonic waves and X- 
rays according to claim 1 , comprising: 

a water tank (46) which a subject can errter, 
and wherein 

said pair of ultrasonic transducers (50a, 50b) is 
arranged such that one transducer is disposed 
on each side of said subject inside said water 
tank, 

one of said X-ray generator (56) and said X-ray 
detector (58) is disposed on each side of said 
subject outside said water tank, and 
a pair of immersible bodies (120, 122), one 
immersible body being disposed on each side 
of said subject in the path of the X-rays inside 
said water tank, and said immersible bodies 
contain a substance having a lower X-ray 
attenuation coefficient than water or a vacuum 
within its sealed interior. 

12. A bone assessment apparatus as defined in claim 
1 1 , wherein the side walls enclosing the X-ray path 
in said immersible body consist of a member which 
obstructs X-rays. 

13. A bone assessment apparatus as defined in claim 



12, wherein said immersible body (120, 122) is a 
hollow member having a cylindrical form. 

14. A bone assessment apparatus as defined in claim 

13, comprising a scanning mechanism (126) for 
displacing said two immersible bodies (120, 122), 
and said scanning mechanism (126) displaces said 
immersible bodies as the X-ray measurement point 
moves while maintaining said bodies in the path of 
the X-rays. 

Patentanspriiche 



1 . Knochenbewertungseinrichtung, die aufweist: 

15 

eine Einrichtung (20, 22, 28) zur Messung der 
Ausbreitungsgeschwindigkeit von Schall im 
Knochen (V), indem Ultraschallwellen durch 
ein Teststiick des Knochens (12) einer Unter- 
20 suchungsperson hindurchgelassen werden, 

eine Einrichtung (16, 18, 24) zur Messung der 
Knochenvolumendichte (p), indem Rontgen- 
strahlen durch das Teststiick eines Knochens 
(12) einer Untersuchungsperson hindurchge- 
25 lassen werden, um die Knochenmineraldichte 

(BMD) zu erhalten und indem die gemessenen 
Werte fur die Dicke des Knochens (d) eingege- 
ben werden, und 

eine Einrichtung (26) zur Berechnung eines 
30 Bewertungsindex for den Knochen, der dem 

Elastizitatsmodul des Knochens entspricht, 
indem eine Elastizitatsgleichung durch Ein- 
gabe von gemessenen Werten fur die Kno- 
chenvolumendichte (p) und die Ausbreitungs- 
35 geschwindigkeit von Schall im Knochen (V) als 

Parameter eingegeben werden, 
dadurch gekennzeichnet, dass 
die Einrichtung (20, 22, 28) zur Messung der 
Ausbreitungsgeschwindigkeit von Schall im 
40 Knochen (V) wenigstens ein Paar Ultraschall- 

wandler (20, 22) umfasst, wobei jeder Wandler 
sowohl zur Ubertragung als auch zum Emp- 
fang von Ultraschallwellen verwendet wird, die 
Einrichtung (16, 18, 24) zur Messung der Kno- 
45 chenvolumendichte (p) einen Rontgenstrahl- 

Generator (16) und einen Rontgenstrahl- 
Detektor (18) zur Bestrahlung des TeststucI® 
eines Knochens (12) einer Untersuchungsper- 
son mit ROntgenstrahlen und zur Detektion der 
50 Rontgenstrahlen, die das Teststuck eines Kno- 

chens (12) einer Untersuchungsperson durch- 
laufen haben, umfasst, so dass die Knochen- 
mineraldichte (BMD) durch die Ausgabe des 
Rantgenstrahl-Detektors (18) erhalten wird, 
55 wobei der ROntgenstrahl-Generator (16) und 

der Rontgenstrahl-Deteklor (18) in der Nahe 
des Paares der Ultraschallwandler angeordnet 
sind, wobei die Einrichtung (20, 22, 28) zur 
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Messung der Ausbreitungsgeschwindigkeit von 
Schall im Knochen (V) ebenso die Dicke des 
Knochens (d) misst. 

2. Knochenbewertungsvorrichtung nach Anspruch 1, 
wobei die Einrichtung (28) zur Messung der Aus- 
breitungsgeschwindigkeit folgendes aufweist: 

einen Dicke-Computer (96) zur Dickeberech- 
nung des Knochens in Richtung des Rontgen- 
strahls, auf Grundlage der von den Ultraschali- 
wandlern empfangenen Signalen, und 
einen Ausbreitungsgeschwindigkeit-Computer 
(98) zur Berechnung der Ausbreitungsge- 
schwindigkeit von Ultraschallwellen durch Divi- 
dieren der Zeit zur Ausbreitung des 
Ultraschallsignals in dem Knochen durch die 
Dicke, 

und wobei die IVIesseinrichtung (24) fur die 
Knochenvolumendichte folgendes aufweist: 
einen Dichte-Computer (90) zur Berechnung 
der Knochenvolumendichte auf Grundlage 
eines ROntgenstrahl-Detektionssignals von 
dem Rdntgenstrahl-Detektor und der Knochen- 
dicke. 

3. Knochenbewertungsvorrichtung nach Anspruch 2, 
wobei der Knochenbewertungsindex berechnet 
wird auf Grundlage des Produkts des Quadrats der 
Ausbreitungsgeschwindigkeit der Ultraschallwellen 
und der Knochendichte. 

4. Knochenbewertungsvorrichtung nach Anspruch 2, 
die einen Wassertank (46) zum Eintauchen des 
Testteils eines Knochens (42a) einer Untersu- 
chungsperson aufweist und das Paar der Ultra- 
schallwandler (16, 18; 56, 58; 20, 22; 50a, 50b) in 
dem Wassertank angeordnet ist. 

5. Knochenbewertungsvorrichtung nach Anspruch 4, 
wobei der Rdntgenstrahl-Generator (56) und der 
ROntgenstrahl-Detektor (58) auBerhalb des Was- 
sertanks (42a) angeordnet sind. 

6. Knochenbewertungsvorrichtung nach Anspruch 5, 
die eine Einrichtung aufweist, welche den Abtast- 
vorgang mittels des Paares der Ultraschallwandler 
(16, 18; 56, 58; 20, 22; 50a, 50b), des ROntgen- 
strahl-Generators (56) und des Rdntgenstrahl- 
Detektors (58) veranlasst. 

7. Knochenbewertungsvorrichtung nach Anspruch 6, 
wobei die Knochenbewertungsvorrichtung eine 
Anzeige (1 10) fur die Anzeige des Knochenbewer- 
tungsindex aufweist. 

8. Knochenbewertungsvorrichtung nach Anspruch 7, 
wobei die Vorrichtung derart angeordnet ist, dass 



eine Messung der Ferse (200) einer Untersu- 
chungsperson durchgefCihrt werden kann. 

9. Knochenbewertungsvorrichtung nach Anspruch 2, 
5 wobei die Knochendicke durch Durchlassen von 
Ultraschallwellen durch den Knochen und durch 
Empfangen der von den Knochenoberfiachen 
reflektierten akustischen Signale gemessen wird. 

10 10. Knochenbewertungsvorrichtung nach Anspruch 2, 
wobei die Knochendicke durch Durchlassen von 
Ultraschallwellen aus einer zu der Richtung des 
Rontgenstrahls senkrechten Richtung und durch 
Empfang der reflektierten akustischen Signale 

15 gemessen wird. 

11. Knochenbewertungsvorrichtung zur Berechnung 
der Knochenbewertungsindizes unter Venwendung 
von Ultraschallwellen und ROntgenstrahlen gemaB 

20 Anspruch 1 , die aufweist: 

einen Wassertank (46), der fur eine Untersu- 
chungsperson begehbar ist und wobei das 
Paar der Ultraschallwandler (50a, 50b) so 

25 angeordnet ist. dass ein Wandler auf jeder 

Seite der Untersuchungsperson innerhalb des 
Wassertanks angeordnet ist, 
entweder der Rdntgenstrahl-Generator (56) 
Oder der Rdntgenstrahl-Detektor (58) auf jeder 

30 Seite der Untersuchungsperson auBerhalb des 

Wassertanks angeordnet ist, und 
ein Paar versenkbare Korpsr (120, 122), wobei 
ein versenkbarer Korper auf jeder Seite der 
Untersuchungsperson im Gang der Rontgen- 

35 strahlen innerhalb des V\^ssertanf@ angeord- 

net ist und der versenkbare Korper eine 
Substanz mit einem geringeren Rontgenstrahl- 
Dampfungskoeffizienten als Wasser Oder ein 
Vakuum innerhalb seines abgedichteten Inne- 

40 ren enthait. 

12. Knochenbewertungsvorrichtung nach Anspruch 

1 1 , wobei die SeitenwSnde, die den RQntgenslrah- 
lengang in dem versenkbaren KOrper einschlieBen, 

45 aus einem Teil bestehen, das ROntgenstrahlen 
blockiert. 

13. Knochenbewertungsvorrichtung nach Anspruch 

12, wobei der versenkbare Kdrper (120, 122) ein 
so Hohll^rper mit einer zylindrischen Form ist. 

14. Knochenbewertungsvorrichtung nach Anspruch 

13, die einen Abtastmechanismus (126) zur Verset- 
zung der zwei versenkbaren KOrper (120, 122) auf- 

55 weist und der Abtastmechanismus (126) die 
versenkbaren Korper versetzt, wenn sich der Ront- 
genstrahl-Messpunkt wahrend der Beibehaltung 
der Korper in dem Rdntgenstrahlengang bewegt. 
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Revendications 

1 . Dispositif d'evaluation osseuse comportant : 

des moyens (20, 22, 28) pour mesurer la s 
Vitesse de propagation du son dans un os (V) 
en faisant passer des ondes ultrasonores k tra- 
vers une parti e d'essai d un os du sujet (1 2), 

des moyens (16, 18, 24) pour mesurer la den- io 
sit^ volumique osseuse (p) en laisant passer 
des rayons X a travers ladite partie d'essai d'un 
OS du sujet (12) pour obtenir la densite mine- 
rale osseuse (BMD) et en entrant des valeurs 
mesurees concernant I'epaisseur de I'os (d), et is 
des moyens (26) pour calculer un indlce d'eva- 
luation pour I'os qui correspond au module 
d'elasticite de I'os en calculant une equation 
d'elasticite en entrant des valeurs mesurees 
concernant ladite densite volumique osseuse 20 
(p) et ladite vitesse de propagation du son dans 
I'os (V) en tant que parametres, 
caract^ris^ en ce que 

lesdits moyens (20. 22. 28) destines k mesurer 25 
la Vitesse de propagation du son dans I'os (V) 
comportent au moins une paire de transduc- 
teurs a ultrasons (20, 22), chaque transducteur 
etant utilise pour transmettre et recevoir a la 
Ibis des ondes ultrasonores, lesdits moyens 30 
(16, 18, 24) destines a mesurer la densite volu- 
mique osseuse (p) comportent un generateur 
de rayons X (16) et un detecteur de rayons X 
(1 8) destines a irradier ladite partie d'essai d'un 
OS du sujet (1 2) k I'aide de rayons X et ^ d^ec- 35 
ter les rayons X qui sont passes k travers ladite 
partie d'essai d'un os du sujet (12), de sorte 
que la densite minerale osseuse (BMD) est 
obtenue a partir de la sortie dudit detecteur de 
rayons X (1 8) , ledit generateur de rayons X (1 6) 40 
et ledit detecteur de rayons X (18) etant dispo- 
ses k proximrte de ladite paire de transducteurs 
a ultrasons, lesdits moyens (20, 22, 28) desti- 
nes k mesurer la vitesse de propagation du son 
dans I'os (V) mesurant egalement I'epaisseur 45 
de I'os (d). 

2. Dispositif d'evaluation osseuse selon la revendica- 
tion 1 , dans lequel lesdits moyens de mesure de 
Vitesse de propagation (28) comportent : so 

un calculateur d'epaisseur (96) pour calculer 
I'epaisseur de I'os dans la direction du faisceau 
de rayons X sur la base des signaux regus 
depuis lesdits transducteurs k ultrasons, et 55 

un calculateur de vitesse de propagation (98) 
pour calculer la vitesse de propagation d'ondes 
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ultrasonores en divisant le temps de propaga- 
tion du signal ultrasonore dans I'os par ladite 
epaisseur, 

et dans lequel lesdits moyens de mesure de 
densite volumique osseuse (25) comportent : 

un calculateur de densite (90) pour calculer la 
densite volumique osseuse sur la base d'un 
signal de detection de rayons X provenant 
dudit detecteur de rayons X et de ladite epais- 
seur osseuse. 

3. Dispositif d'evaluation osseuse selon la revendica- 
tion 2, dans lequel ledit indice d'evaluation osseuse 
est calcule sur la base du produit du carre de ladite 
Vitesse de propagation d'ondes ultrasonores et de 
ladite densite osseuse. 

4. Dispositif d'evaluation osseuse selon la revendica- 
tion 2, comportant un reservoir d'eau (46) pour 
immerger ladite partie d'essai d'un os du sujet 
(42a), et dans lequel ladite paire de transducteurs a 
ultrasons (16, 18; 56, 58 ; 20, 22 ; 50a, 50b) estdis- 
posee dans ledrt reservoir d'eau. 

5. Dispositif d'evaluation osseuse selon la revendica- 
tion 4, dans lequel ledit generateur de rayons X (56) 
et ledit detecteur de rayons X (58) sont disposes k 
I'exterieur dudit reservoir d'eau (42a). 

6. Dispositif d'evaluation osseuse selon la revendica- 
tion 5, qui comporte des moyens destines a amener 
ladite paire de transducteurs a ultrasons (16, 18; 
56, 58; 20, 22; 50a, 50b), ledit generateur de rayons 
X (56) et ledit detecteur de rayons X (58) k effectuer 
un balayage. 

7. Dispositif d'evaluation osseuse selon la revendica- 
tion 6, dans lequel ledit dispositif d'evaluation 
osseuse comporte un affichage (110) pour afficher 
ledit indice d'evaluation osseuse. 

8. Dispositif d'evaluation osseuse selon la revendica- 
tion 7, dans lequel le dispositif est congu de sorte 
qu'une mesure peut etre effectuee sur le calca- 
neum du sujet (200). 

9. Dispositif d'evaluation osseuse selon la revendica- 
tion 2, dans lequel ladite epaisseur osseuse est 
mesuree en transmettant des ondes ultrasonores a 
travers I'os, et en recevant les signaux acoustiques 
refiechis par les surfaces osseuses. 

10. Dispositif d'evaluation osseuse selon la revendica- 
tion 2, dans lequel ladite epaisseur osseuse est 
mesuree en transmettant des ondes ultrasonores 
depuis une direction perpendiculaire a la direction 
du faisceau de rayons X, et en recevant les signaux 
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acoustiques refl^chis. 

11. Dispositif d'evaluation osseuse destine a calculer 
des indices d'evaluation osseuse en utilisant des 
ondes ultrasonores et des rayons X selon la reven- s 
dication 1 , comportant : 

un reservoir d'eau (46) dans lequel peut entrer 
un sujet, et dans lequel est agencee ladite 
paire de transducteurs a ultrasons (50a, 50b) io 
de sorte qu'un transducteur est dispose sur 
chaque cote dudit sujet k I'int^rieur dudit reser- 
voir d'eau. 

un dispositif parmi ledit generateur de rayons X is 
(56) et ledit detecteur de rayons X (58) est dis- 
pose sur chaque cdte dudit sujet k I'exterieur 
dudit reservoir d'eau, et 

une paire de corps submersibles (1 20, 1 22), un 20 
corps submersible etant dispose sur chaque 
cote dudit sujet dans le trajet des rayons X a 
I'interieur dudit reservoir d'eau, et lesdits corps 
submersibles contiennent une substance ayant 
un coefficient d'attenuation de rayons X infe- 2s 
rieur a celui de I'eau ou un vide dans son inte- 
rieur scelle. 

12. Dispositif d'evaluation osseuse selon la revendica- 
tion 1 1 , dans lequel les parois laterales enfermant 30 

le trajet de rayons X dans ledit corps submersible 
sont constituees d'un element qui fait obstacle aux 
rayons X. 

13. Dispositif d'evaluation osseuse selon la revendica- 3s 
tion 12, dans lequel ledit corps submersible (120, 
122) est un element creux ayant une Ibrme cylindri- 
que. 

14. Dispositif d'evaluation osseuse selon la revendica- 40 
tion 13, comportant un mecanisme de balayage 
(126) pour deplacer lesdits deux corps submersi- 
bles (120, 122), et ledit mecanisme de balayage 
(126) deplace lesdits corps submersibles lorsque le 
point de mesure des rayons X se deplace tout en 45 
maintenant lesdits corps dans le trajet des rayons 

X. 
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Fig. 3 



15 



EP 0 570 936 B1 



CM 
CO 

O 



o 







cc 






LU 


>• 




-J 


< 




o 








I 

X 


< 




o 


z 




en 


CO 



O 



CM 
CD 

E 
o 



CO. 



CO 
CSi 



g ^ UJ 

CO z o 

< Z DC 

DC < I— 

I- O Z 

=J O) O 

=3 O 



CO 

o 



DC 
LJJ 



O 
O 



CM 



DC 
LU 
-J 
>- -J 

< o 

oc a: 

>< ^ 

o 
o 



00 



00 



CM 

E 
o 



CO 
00 



CM 

E 
o 





oc 


ING 


LLE 




o 




cc 


< 


h- 


o 




CO 


O 




o 




^ UJ 

S > 1- 

C/} LU = 

3 ^ ^ 

< UJ --J 

pc cc 



00 



t: LU 
S > 1- 

LU ^ 
< HI -J 

pc tr 



00 



o 

LO 



o 



col 



LU 



< 
o 

05 



LL. 




16 



EP 0 570 936 B1 



O 
O) 




00 
00 





■a 











► i 










BMD 




■o 



o 



CO 




CM 



CO 
CO 

CD 

o 
r>-. 



o 

z 
o 
o 



o 

CO 

E 
o 



17 



EP 0 570 936 B1 



(A) OV 



(B) 



(C) 



ruuTJi Jui 




Fig. 6 



18 



EP 0 570 936 B1 




EP 0 570 936 B1 




EP 0 570 936 B1 





WOMEN 




+5 








— -•"''* ^ '"^^ 

- - " N 

■s ^ 


322 


-5 


\ 






■v 

\ 

\. 

N 

N 

S 



AGE 



Fig. 11 



304 




312 



Fig. 12 
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Fig. 13 




Fig. 14 
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